Background: Infective endocarditis (IE) can be difficult to diagnose, due to multiple (often nonspecific) presenting features. Aim: To assess the predictive accuracy of classical clinical features and blood investigations readily available at the time of presentation. Design: Cross-sectional analysis. Methods: We studied 29 IE cases and 79 controls (clinically suspicious contemporaneous cases where IE was subsequently excluded) from a hospitalbased group of patients referred to a cardiac department with possible infective endocarditis. Patients were identified from the echocardiography database. Cases were defined by final diagnosis. Symptoms, signs, risk factors for IE and blood investigations were recorded from case notes and examined by univariate and multivariate analyses. Results: The sensitivity, specificity, and positive and negative predictive values of transthoracic
Introduction
Infective endocarditis (IE), as defined by the European Society of Cardiology, 1 is an 'endovascular microbial infection of cardiovascular structures'. Its incidence is estimated at between 1.9 and 6.2 infections per 100 000 general population. [2] [3] [4] Despite advances in treatment, establishment of preventative strategies and earlier detection of complications, in-hospital mortality remains high, at about 20%. 5, 6 Perhaps the most important developments over the last 20 years are those facilitating a rapid and accurate diagnosis. Early aggressive treatment is associated with improved survival. 6, 7 IE is often a challenging condition to diagnose, because of the presence of non-specific clinical features at the time of presentation, and the variable medical and surgical settings in which it can occur. 1 The Duke criteria 8 are now widely accepted as being key to the diagnosis, but their ability to perform accurately and consistently in a range of clinical settings around the world is not well-tested. Patients who have received antibiotics prior to hospital admission may present with 'culturenegative' IE, 9 and so the perceived importance of echocardiography to detect vegetations increases.
The service burden of echocardiography in many hospitals is increasing, and it may not be routinely available to a general medical team on a 24-h basis. While there is no doubt that echocardiographic imaging is a necessary management tool, the reliance on early echocardiography to diagnose IE is arguably over-emphasized. A thorough assessment of clinical features remains important in the assessment of patients with IE.
The aims of this study were to explore the use of echocardiography in the diagnosis of IE, and to examine the strength of association between clinical features and a confirmed IE diagnosis.
Methods Patients
Both transthoracic (TTE) and transoesophageal (TOE) echocardiogram databases (Filemaker Pro) at our institute were used to identify IE cases and controls. These were searched systematically for studies performed during a 2-year period between July 2002 and July 2004. Each echocardiogram was categorized according to the indication for the test and the findings on the echo-report (Figure 1 ).
Data collection
The baseline cohort comprised patients referred for a TTE with a primary indication to exclude or Figure 1 . Flow diagram displaying the role of echocardiography in the diagnosis of infective endocarditis (IE). Endocarditis was defined as 'highly likely' if the transthoracic echocardiogram (TTE) report stated 'endocarditis' of a specific valve or 'large mobile mass'; 'possible' if the report used the terms 'possible endocarditis' or 'consider endocarditis' and 'unlikely' if the report stated 'no evidence of endocarditis' *One set of case-notes was unobtainable. **Control patients selected from this group. ***Fourteen patients who had no clinical suspicion of IE had a suspicious lesion on TTE: 12 had the diagnosis excluded clinically; the other two had a transoesophageal echocardiogram (TOE), of whom one had confirmed IE.
confirm the diagnosis of IE. From this group, all reports where IE was said to be 'highly likely' or 'possible' were identified as potential cases, and their case-records examined. Controls were taken from the 587 patients in whom the TTE report for IE was 'unlikely' and the final diagnosis was not IE (denoted ** in Figure 1 ). Each 10th patient was chosen, giving a total of 59 patients. Added to this number were the 27 patients in the other TTE categories who had IE excluded as a final diagnosis. This gave a total of 86 patients. Case notes were not available for seven of these patients, and therefore the final control group consisted of 79 patients, which were in turn combined with the 29 IE cases to form our study group of 108 patients.
Case record examination
Case records were examined for a number of pre-determined features, including demographic data, symptoms, clinical signs, risk factors for IE, examination findings and laboratory test results. Symptoms, signs and risk factors for IE were recorded as negative if they were recorded in the case notes as such, or had not been documented in the case notes. Previous dental treatment and investigations were recorded as 'not performed' if not documented.
Data handling and statistical analysis
Data from the case records were transferred to a spreadsheet and analysed using SPSS version 13.0. Factors from the five groups of features (symptoms, signs, risk factors, laboratory tests and other tests) were assessed using univariate and multivariate analyses.
The sensitivity, specificity and negative and positive predictive values for TTE as a predictive tool for diagnosing TTE were calculated, and corresponding 95%CIs were derived from these using Wilson's score method. 10 Following tests of normality, the independent samples t-test and the Mann-Whitney U-test were used to compare means and medians, respectively, for continuous data. Where checks of distributions for continuous data revealed dissimilar shapes on comparing the IE case and control groups, data were categorized. Hence, in particular, CRP levels were categorized into two levels: 0-50 mg/l (normal or mildly raised) and !51 mg/l (moderately or markedly raised), and age was categorized into three levels: 20-39, 40-59 and !60 years.
These data were then cross-tabulated with the IE outcome data and analysed using the 2 test of association, except in cases where 580% of the expected frequencies were of value 5 or more, when Fisher's exact test was used instead. Binary data from the original spreadsheet were analysed in an entirely similar fashion to that of the derived categorical data. Subsequent to these univariate analyses, the multivariate technique adopted was binary logistic regression.
A significance level of 5% was assumed for all univariate analyses, and a significance level of 10% was assumed at the final stage of the multivariate analysis in the identification of independent predictors of IE. The weaker significance level for the multivariate model was assumed because in a multivariate model, more stringent significant levels carry the risk of ruling out factors of clinical importance.
11
The different factors were screened individually for the binary logistic regression analysis, using a significance level of 0.25 as a viable cut-off point for identifying potentially significant factors within the multivariate model (Hosmer and Lemeshow, personal correspondence).
11 Using Wald's test to assess the significance of factor coefficients, the final model was then obtained using a significance level of 0.1 for inclusion of factors.
Post hoc analyses performed on the binary logistic regression model confirmed a negligible influence from outliers, and a positive 80-20 split-sample validation test result. The latter result confirmed that the model was not too conservative for use with similar cohorts, and discredited the idea that there were natural subgroups within the cohort for which an alternative model would have been more appropriate. Further, the standard errors of all model coefficients were found to be 52, thus confirming the absence of multicollinearity. The Hosmer and Lemeshow test confirmed that the model adequately fitted the data. The sensitivity and specificity of the binary logistic regression model relative to the IE outcomes within the dataset were also determined. The binomial test and Fisher's exact test were used to investigate outcomes for IE patients, while to assist in the interpretation of the univariate analyses, the Mann-Whitney U-test was used to compare ESRs across different CRP levels.
Results

Echocardiography and prediction of IE
A total of 9402 TTEs were performed in the 2-year period, of which 643 were for patients with a clinical suspicion of IE ( Figure 1 ). Twenty-nine confirmed cases of IE were identified. Of these 29, 12 had both TTE and TOE results to support the diagnosis, eight had only TTE done (results supporting the diagnosis), and a further eight had both TTE and TOE, but only the TOE results supported the diagnosis. The remaining confirmed case of IE related to a patient with no clinical suspicion of IE, but for whom the TTE result supported the diagnosis. In patients suspected of having IE, TTE did not support the diagnosis for 608 (94.6%). The eight patients from this group who were later diagnosed with the condition had been recommended for TOE on account of continued clinical suspicion.
Therefore, of 49 patients with a TTE report suggestive of possible IE, only 21 (42.9%) were subsequently confirmed as having IE. These 21 patients comprised 20/35 patients with a previous clinical suspicion of IE and 1/14 with no such suspicion. Thus for patients clinically suspected of IE, TTE had a sensitivity of 71% (95%CI 53-85%), a specificity of 98% (95%CI 96-99%), a positive predictive value of 57% (95%CI 41-72%) and a negative predictive value of 99% (95%CI 97-99%) ( Table 1) .
Predicting a diagnosis of infective endocarditis: differences between cases and controls
Blood investigations (Table 2) In Table 2 , the results of blood investigations are compared at the univariate level for IE cases and controls. The increase in ESR and white blood cell counts in cases compared with controls was highly significant. By contrast, there was a significant decrease in albumin levels for cases vs. controls. On progressing from controls to cases, neither increases in serum creatinine levels and neutrophil counts, nor the decreases in glucose concentrations, haemoglobin concentrations and platelet counts, were significant. None of the factors representative of the above measures proved to be independent predictors of confirmed IE.
Clinical characteristics and risk factors (Table 3) While age was assumed to be a risk factor, there was no significant difference between cases and controls in terms of age at the univariate level ( 2 ¼ 1.341, p ¼ 0.511). Further, the univariate odds ratios obtained on comparing the oldest age group with that of each of the other two were both inclusive of the value 1 (Table 3) , indicating a non-significant difference in the odds of confirmed IE for older subjects. At the screening stage, age was also eliminated from the multivariate model.
Significant differences between the proportions of cases and controls were established for concurrent infection, the odds of confirmed IE being approximately 2.5 times greater with concurrent infection than without (95%CI 1.027-5.882). At the multivariate level, however, concurrent infection was not an independent predictor of IE.
At the univariate level, a highly significant difference was found between the proportions of IE cases and controls with lower CRP levels. In particular, the corresponding odds of confirmed IE for patients with normal or mildly raised CRP was found to be approximately six times greater than for patients with moderately or markedly raised CRP levels (OR 6.4, 95%CI 2.2-18.5). However, CRP was not an independent predictor of IE. No significant differences were obtained at the univariate level for any of congenital heart disease, diabetes, ECG, gender, history of a murmur, history of endocarditis, invasive procedure, IV drug abuse, previous heart valve surgery, poor dentition or previous rheumatic fever. Of these factors, one factor, previous heart valve surgery, was an independent predictor of IE. The contribution of this factor to the final regression model was highly significant (p ¼ 0.003) and the odds of confirmed IE in patients with previous valve surgery were greatly increased in our group (adjusted OR 13.3, 95%CI 3.2-55.6).
In 63% of patients, there was no dental record in the case-notes. In the remainder, none had a prior dental procedure, but four cases and two controls had poor dentition documented.
Microbiology
Blood cultures were performed in all 29 cases, and in 24 (82.8%) an organism was isolated. The five culture-negative patients also had negative serology. Among the controls, 75 (94.9%) had blood cultures performed and the majority (68%) were negative. Staphylococci were responsible for 10 cases (34.5%) and 9 were due to Staphylococcus aureus. Streptococcal organisms, the majority of which were from the viridans group, were responsible for 10 cases (34.5%).
Symptoms and recognized clinical signs (Table 4)
Highly significant differences in the proportions of IE cases and controls were established for each of blood culture, signs of embolism, patient-reported fever, neurological symptoms, and a new altered or changing murmur, the odds of confirmed IE in each case being significantly increased in the presence of the associated symptom or sign. Of these factors, positive blood culture and new, altered or changing murmur were found to be the most important, the defining features proving to increase the odds of confirmed IE by factors of about 12.5 and 6.0 times, respectively. Further, significant differences in the proportions of IE cases and controls were established for each of fatigue, Janeway lesions, Osler's nodes or Roth's spots, malaise, splinter haemorrhages or clubbing, and weight loss, the odds of confirmed IE in each case again being significantly increased in the presence of the associated symptom or sign, with the exception of malaise, where the odds ratio was not significant (OR 3.6, 95% CI 1.0-13.0). No significant differences were obtained, however, at the univariate level for arthralgia, myalgia, neurological signs, purpura or splenomegaly.
Independent predictors of confirmed IE were confined to factors that had been recognized as predictors at the univariate level: positive blood culture, embolism, new altered or changing murmur and splenomegaly.
Outcome of patients with endocarditis
In this small series, in-hospital mortality from IE was 27.6%. Staphylococcus aureus was isolated in 62.5% of those who died. There were no deaths in the culture-negative group. Native valves were involved more than prosthetic valves (72.4 vs. 27.6%, p ¼ 0.016), and the native mitral valve was most commonly affected (41.4%). More patients with native valve endocarditis died, compared with prosthetic endocarditis (33.0% vs. 12.5%), but this difference was not statistically significant (p ¼ 0.38). The median length of hospital stay was 43 days (range 29-110) for those who survived, and 52 days (range 9-145) for those who died. The median length of stay for controls was significantly shorter, at 13 days (range 1-96).
Discussion
The widely acknowledged clinical features of infective endocarditis remained strongly predictive of the diagnosis in our patients. The Duke criteria were highly predictive of IE (Table 4) , although it was impossible to establish a good multivariate model fit on inclusion of patient-reported fever. The latter result is probably due to the very low number (n ¼ 3) of IE cases in the absence of patient-reported fever. With a larger cohort, it is very likely that this factor would have made for a better fit within a binary logistic regression model. Nevertheless, these findings still add considerable weight to the notion that a provisional diagnosis of IE can be made on clinical grounds without the immediate need for echocardiography.
Diagnostic value of TTE
Early use of TTE may allow rapid diagnosis of IE, 12 but care must be taken to avoid over-reliance on this technique. For clinically suspected cases in our group, TTE had a sensitivity, specificity and negative predictive value of 71%, 98% and 99%, respectively, but a positive predictive value of only 57%, indicating that based on the TTE result alone, 43% of patients would have been wrongly diagnosed as genuine IE cases.
These findings suggest, in keeping with those of other studies, 13, 14 that TTE alone is not an ideal method by which to diagnose IE. Nevertheless, although TOE also has a specificity of 490%, 15 TTE remains the most appropriate first-line imaging investigation, as it is safe, relatively simple and inexpensive. 16 In the two-year period of this study, 643 patients (6.8% of all echocardiograms performed during the study period) had a TTE performed on suspicion of IE, but only 29 (4%) actually had IE. As so few patients suspected of having IE are eventually diagnosed with the condition, perhaps echocardiography resources could be used more efficiently and effectively if clinical features were carefully considered first. This might avoid the over-zealous demand for urgent echocardiography, especially given that a false negative result could delay appropriate and potentially life-saving treatment.
Blood cultures
In many developed countries, IE can present with a long period of illness prior to hospital admission. Such patients may have already been prescribed antibiotics. In our study, 4/5 culture-negative cases had documented use of antibiotics prior to hospital admission. Negative blood cultures, said to occur in 2.5-31% of all IE cases, are associated with a delay in diagnosis. 17, 37 As in other studies, 7, 9, 38 streptococcus was the most common organism identified in our patients. Staphylococcus aureus was the next most prevalent, and was responsible for the greatest number of deaths similar to previous reports. 39 Interestingly, a higher proportion of deaths occurred when native valves were infected in our series, despite prosthetic valve patients being generally considered to be at higher risk from Staphylococcus aureus. 40 More generally, positive blood culture was highly predictive of IE, associated with an approximately 17-fold odds increase at the multivariate level (95%CI 4.9-58.8).
Clinical features
Congenital abnormalities, [22] [23] [24] previous endocarditis 25, 26 and valvular disease 25, 27, 28 are typically associated with increased risk of IE. However, these risk factors did not differentiate between controls and cases in our cohort. Indeed, concurrent infection was the only significant exogenous risk factor predictive of IE. It is also commonly held that recent oral or dental procedures are associated with a higher risk of IE.
29 Surprisingly, none of the cases in this study reported a previous recent dental procedure and so, although the associated risk cannot be assessed, perhaps dental treatment is not as common an aetiological factor as is often stated. However, poor oral hygiene, present in four cases, may be responsible for infection 30 since, in such patients, even chewing can cause bacteraemia. 31 Although the presence of a new, changing or altered murmur has been reported in as few as 40% of IE patients, 32 it was identified in 82.8% of IE cases in this study. This factor was a very strong independent IE predictor in our patients, with an odds ratio of $10.
The presence of Janeway lesions, Osler's nodes or Roth's spots, although rare, is classically regarded as an excellent clue to the diagnosis of IE. 34 Recent evidence, however, has suggested that Roth's spots, previously thought to represent bacterial abscesses, should no longer be considered pathognomonic for IE. 33, 34 These three features were present in only 3 (10.2%) IE cases in this study, and in none of the controls. Thus, while significant at the univariate level, the very low frequencies on cross-tabulation with final diagnosis excluded these factors from the multivariate model.
Non-specific clinical signs of IE are frustrating: in general, non-specific signs are common, while highly specific signs are rare, and many of the symptoms commonly found in IE are ubiquitous in the population. For example, fatigue had an OR for IE of $3.5, but at any one time, 18.3% of the general population report substantial fatigue lasting 46 months. 21 Nevertheless, such discrepancies may be due to confounding, since as a predictive factor fatigue was lost at the screening stage on building the multivariate model.
One might expect a fall in CRP levels to 550 mg/l to be associated with a lower incidence of IE. However, persistently or highly raised CRP may have been a clinical reason for requesting an echocardiogram to exclude IE. The predictive status of CRP for our cohort at the univariate level may therefore have been influenced by confounding. However, ESR was significantly higher in IE cases than in controls.
Importance ranking
The adjusted odds ratios forthcoming from the multivariate model are suggestive of the following importance ranking for significant factors: splenomegaly 4 positive blood culture 4 previous valve surgery 4 signs of embolism 4 new, altered or changing murmur. However, the wide confidence intervals for these factors indicate the need to treat this ranking with caution. Nevertheless, the recognition of previous valve surgery as a critical independent factor is consistent with clinical findings, lending credit to the value of our multivariate model.
General limitations
The sensitivity and specificity for the logistic regression model were 62% and 96%. More generally, the model was able to correct predict outcomes for 86.5% of the data, and the Hosmer and Lemeshow test confirmed a good model fit ( 2 ¼ 2.661, p ¼ 0.914). Nevertheless, some of our findings at the univariate and multivariate levels should be interpreted with caution.
In particular, this was a retrospective study and it was thus inevitable that some data would be missing from the case notes. 'Missing data' may have been due either to investigations not being performed or, alternatively, being performed but not recorded in the case notes. Decisions regarding data interpretation were necessary in order to compile a dataset suitable for analysis. Cases and controls were identified from our echocardiography database, and we may have missed some cases that were not recorded in this system. The incidence of IE is generally low in the population, and the relatively small numbers in our study result in wide confidence intervals for some parameters. Thus, for example, the failure to detect previous valve surgery as a significant factor at the univariate level, given its recognition as an independent predictive factor at the multivariate level, should be interpreted in the light of sample size limitations and in particular, the conservative degree of departure from significance at the univariate level (here p ¼ 0.063).
Conclusions
In the UK National Health Service, the service burden of echocardiography is high, and includes a large number of requests for suspected IE where the yield of positive diagnoses is low. This study has confirmed that key clinical features at presentation remain strongly associated with a diagnosis of IE, even in the modern era. Our findings support a strategy of careful clinical assessment in a patient with suspected IE, which would ensure more appropriate and efficient use of echocardiography services.
